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(54) SYSTEM OF RECOVERING LITHIUM PRECURSOR AND METHOD OF RECOVERING LITHIUM 
PRECURSOR

(57) The invention relates to a method of recovering
a lithium precursor from a cathode active material of a
lithium secondary battery, the method comprising pro-
viding a first electrode to include the active material, and
a second electrode. The first electrode and the second
electrode are immersed in a first reaction solution in a

first reaction vessel and a second reaction solution in a
second reaction vessel, respectively. A voltage or a cur-
rent is applied to the first electrode and the second elec-
trode to recover a lithium precursor from the active ma-
terial.
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Description

BACKGROUND

1. Field

[0001] The invention described in this patent application relates to a system of recovering a lithium precursor and a
method of recovering a lithium precursor. More particularly, the invention relates to a system of recovering a lithium
precursor from a cathode active material and a method of recovering a lithium precursor from a cathode active material.

2. Description of the Related Art

[0002] A secondary battery which can be charged and discharged repeatedly has been widely employed as a power
source of a mobile electronic device such as a camcorder, a mobile phone, a laptop computer, etc., according to
developments of information and display technologies. Examples of the secondary battery include a lithium secondary
battery, a nickel-cadmium battery, a nickel-hydrogen battery. The lithium secondary battery is widely developed and
applied due to high operational voltage and energy density per unit weight, a high charging rate, a compact dimension, etc.
[0003] The lithium secondary battery may include an electrode assembly including a cathode, an anode and a separator,
and an electrolyte solution impregnating the electrode assembly. The lithium secondary battery may further include an
exterior material in the form of, e.g., a pouch, that accommodates the electrode assembly and the electrolyte solution.
[0004] A lithium composite oxide may be used as a cathode active material for the lithium secondary battery. The
lithium composite oxide may contain a valuable metal. As demands of the lithium secondary battery and concerns of
environmental pollution are being increased, recycling methods of the cathode active material are researched.

SUMMARY

[0005] An aim of the present invention is to provide a method of recovering a system of recovering a lithium precursor
from a cathode active material of a lithium secondary battery with improved productivity and efficiency.
[0006] Another aim of the present invention is to provide a system for recovering a lithium precursor from a cathode
active material of a lithium secondary battery with improved productivity and efficiency.
[0007] Against this background, the invention relates to a method of recovering a lithium precursor from a cathode
active material of a lithium secondary battery, the method comprising: providing a first electrode to include the active
material, and a second electrode. The first electrode and the second electrode are immersed in a first reaction solution
in a first reaction vessel and a second reaction solution in a second reaction vessel, respectively. A voltage or a current
is applied to the first electrode and the second electrode to recover a lithium precursor from the active material.
[0008] In some embodiments, the providing the first electrode includes preparing the first electrode to contain the
active material in an active material storing portion thereof or the active material on a surface thereof.
[0009] In some embodiments, the first electrode may include an active material storing portion at one end thereof in
which the active material is accommodated.
[0010] In some embodiments, the active material storing portion may have a pouch shape or a basket shape.
[0011] In some embodiments, the active material storing portion may be formed of a carbon felt.
[0012] In some embodiments, the first electrode may include an electrode bar connected to the active material storing
portion.
[0013] In some embodiments, the first electrode may include an electrode bar, and the active material may be directly
coated on a surface of the electrode bar.
[0014] In some embodiments, the first reaction vessel may serve as an oxidation unit, and the second reaction vessel
may serve as a reduction unit.
[0015] In some embodiments, the first reaction solution may include a lithium ion-containing aqueous solution, and
the second reaction solution may include water or a lithium ion-containing aqueous solution.
[0016] In some embodiments, the first reaction vessel and the second reaction vessel may be connected to each other
by a connection portion including an ion exchange membrane therein.
[0017] In some embodiments, the ion exchange membrane may include at least one of Nafion, Diaion and Trilite.
[0018] In some embodiments, the active material comprises lithium iron phosphate.
[0019] In some embodiments, lithium ions separated from the active material may move to the second reaction vessel
to be collected as lithium hydroxide.
[0020] In some embodiments, the lithium precursor may be recovered through an electrochemical reaction without
using an additional additive such as a precipitating agent, an oxidizing agent or a reducing agent. Therefore, yield and
productivity of a recovery process may be improved without causing environmental pollution.
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[0021] In some embodiments, the active material may be accommodated at an inside of an electrode, or may be
coated on a surface of the electrode to be introduced into a reaction solution. Therefore, application of an electrical
energy to the cathode active material may be performed directly to promote the electrochemical reaction. Additionally,
lithium ions may be quickly separated from the cathode active material and iron phosphate may be efficiently recovered.
[0022] Against the background initially described, the invention further relates to a system for recovering a lithium
precursor from a cathode active material of a lithium secondary battery, the system comprising: a first reaction vessel
comprising a first reaction solution and configured to receive a first electrode containing an active material therein or
coated with an active material on a surface thereof for immersion into the first reaction solution; a second reaction vessel
comprising a second reaction solution and configured to receive a second electrode for immersion into the second
reaction solution; a connecting portion connecting the first reaction vessel and the second reaction vessel and including
an ion exchange membrane therein; and a power source configured to apply a voltage to the first electrode and the
second electrode.
[0023] In some embodiment, the active material comprises lithium iron phosphate.
[0024] In some embodiment, when applying a voltage to the first electrode and the second electrode to recover a
lithium precursor from the active material, the first electrode acts as an oxidizing electrode (anode) and the second
electrode acts as a reducing electrode (cathode).
[0025] In some embodiments, the system is configured to carry out a method of the invention.
[0026] The lithium precursor recovered according to a method of the present invention may be reused for a cathode
active material and a lithium secondary battery. The lithium secondary battery may be widely applied in green technology
fields such as an electric vehicle, a battery charging station, a solar power generation, a wind power generation, etc.,
using a battery. The lithium secondary battery may be used for eco-friendly electric vehicles and hybrid vehicles to
prevent a climate change by suppressing air pollution, greenhouse gas emission, etc.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027]

FIG. 1 is a schematic cross-sectional view illustrating a system of recovering a lithium precursor in accordance with
example embodiments.
FIG. 2 is a schematic cross-sectional view illustrating a system of recovering a lithium precursor in accordance with
example embodiments.
FIG. 3 is a schematic cross-sectional view illustrating a first electrode included in a system of recovering a lithium
precursor in accordance with example embodiments.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0028] According to embodiments of the present invention, a method of recovering a lithium precursor by an electro-
chemical reaction (hereinafter, which may be abbreviated as a recovery method) is provided. According to embodiments
of the present invention, a system of recovering a lithium precursor (hereinafter, which may be abbreviated as a recovery
system) capable of implementing the inventive recovery method is also provided.
[0029] Hereinafter, embodiments of the present invention will be described in detail with reference to examples and
the accompanying drawings.
[0030] The term "lithium precursor" as used herein refers to a compound containing lithium and suitable to provide
the lithium for making an electrode active material. Examples comprise lithium hydroxide (LiOH) or lithium carbonate
(Li2CO).
[0031] FIG. 1 is a schematic cross-sectional view illustrating a system of recovering a lithium precursor in accordance
with example embodiments. For example, the lithium precursor recovery method according to embodiments of the
present invention may be implemented using the system of FIG. 1.
[0032] Hereinafter, the recovery method of the lithium precursor will also be described with reference to FIG. 1.
[0033] Referring to FIG. 1, the recovery system may include a first electrode 112 and a second electrode 122. The
first electrode 112 and the second electrode 122 may be introduced into a first reaction vessel 110 and a second reaction
vessel 120, respectively.
[0034] For example, the first electrode 112 may serve as an oxidizing electrode, and the second electrode 122 may
serve as a reducing electrode.
[0035] According to embodiments of the present invention, an active material 116 for recovering a lithium precursor
may be introduced in the first electrode 112. In example embodiments, the active material 116 may include a cathode
active material obtained from a used lithium secondary battery (e.g., a waste lithium secondary battery).
[0036] The lithium secondary battery may include an electrode assembly including a cathode, an anode and a separator
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interposed between the cathode and the anode. The cathode and anode may include a cathode active material layer
and an anode active material layer coated on a cathode current collector and an anode current collector, respectively.
[0037] For example, the cathode active material layer may include lithium iron phosphate (e.g., LiFePO4) as the
cathode active material.
[0038] The cathode active material may be recovered by separating a cathode from a waste lithium secondary battery.
As described above, the cathode may include the cathode current collector (e.g., aluminum (Al)) and the cathode active
material layer, and the cathode active material layer may include a conductive material and a binder together with the
cathode active material.
[0039] The conductive material may include, e.g., a carbon-based material such as graphite, carbon black, graphene
or a carbon nanotube. The binder may include a resin material, e.g., vinylidene fluoride-hexafluoropropylene copolymer
(PVDF-co-HFP), polyvinylidenefluoride (PVDF), polyacrylonitrile, polymethyl methacrylate, etc.
[0040] In example embodiments, the cathode active material may be recovered by pulverizing the recovered cathode.
Accordingly, the cathode active material may be recovered as a powder in the form of, e.g., a black powder. In an
embodiment, the cathode active material may be recovered in the form of a scrap by peeling the cathode active material
layer from the cathode current collector.
[0041] The recovered cathode active material may include lithium iron phosphate as described above. In some em-
bodiments, the recovered cathode active material may include the conductive material and/or the binder.
[0042] In some embodiments, the recovered cathode active material may be heat-treated prior to an introduction into
the recovery system. Impurities such as the conductive material and the binder may be removed or reduced, and a high-
purity cathode active material may be introduced into the recovery system.
[0043] The cathode active material applied to the recovery system and recovery method according to embodiments
of the present invention is not limited to lithium iron phosphate, and the recovery system and recovery method may also
be applied to, for example, a nickel-based cathode active material.
[0044] However, from aspects of a voltage or a standard reduction potential applied to induce an electrochemical
reaction, the recovery method and recovery system may be effectively applied to an active material containing lithium
iron phosphate.
[0045] Therefore, hereinafter, embodiments in which the active material 116 includes lithium iron phosphate will be
described in detail.
[0046] In some embodiments, the first electrode 112 may include an active material storing portion 114 at one end
capable of accommodating the active material 116 therein. The first electrode 112 may include an electrode bar 113
connected to the active material storing portion 114. For example, the active material storing portion 114 may be integrally
connected to an end of the electrode bar 113.
[0047] The electrode bar 113 may have a solid structure, and the active material storing portion 114 may have a hollow
structure including a space for accommodating the active material 116.
[0048] In a non-limiting example, the active material storing portion 114 may have a pouch shape or a basket shape.
[0049] The active material storing portion 114 may easily form the hollow structure, and may include a material or a
structure that may promote transfer of electrons (e-) separated by an oxidation reaction of the active material 116. In
example embodiments, the active material storing portion 114 may have a mesh structure, a felt structure, or a knit
structure.
[0050] In some embodiments, the active material storing portion 114 may be formed of a carbon felt.
[0051] The electrode bar 113 may be formed of a metallic material or a carbon-based material (e.g., a graphite
electrode) capable of inducing or promoting the oxidation reaction.
[0052] In some embodiments, the electrode bar 113 and the active material storing portion 114 may be formed using
the carbon-based material.
[0053] The second electrode 122 may serve as an opposing electrode to the first electrode 112.
[0054] In a non-limiting example, the second electrode 122 may have a bar shape that has an solid structure entirely.
[0055] The second electrode 122 may include a metal or a transition metal that may promote a reduction reaction to
obtain electrons (e-). For example, the second electrode 122 may include at least one of copper, nickel, titanium,
aluminum and an alloy thereof. In an embodiment, the second electrode 122 may include a carbon-based electrode.
[0056] As described above, the first electrode 112 and the second electrode 122 may be introduced into the first
reaction vessel 110 and the second reaction vessel 120, respectively. In example embodiments, a first reaction solution
118 and a second reaction solution 128 may be included in the first reaction vessel 110 and the second reaction vessel
120, respectively.
[0057] In example embodiments, the first electrode 112 and the second electrode 122 are immersed into the first
reaction solution 118 and the second reaction solution 128, respectively.
[0058] In some embodiments, the first electrode 112 and the second electrode 122 may be partially immersed into
the first reaction solution 118 and the second reaction solution 128, respectively. For example, 10% to 90% of a total
volume of each of the first electrode 112 and the second electrode 122 may be impregnated into the first reaction solution
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118 and the second reaction solution 128.
[0059] In some embodiments, 20% to 70%, or 40% to 60% of the total volume of each of the first electrode 112 and
the second electrode 122 may be impregnated. Within the above range, transfer of electrons and/or lithium ions and the
oxidation/reduction reaction rate in each reaction vessel 110 and 120 occurring by applying voltage or current, which
will be described later, may be promoted.
[0060] In some embodiments, the active material storing portion 114 included in the first electrode 112 may be entirely
immersed in the first reaction solution 118, and the electrode bar 113 may be partially immersed in the first reaction
solution 118.
[0061] The first reaction solution 118 may include a lithium ion (Li+)-containing aqueous solution. The lithium ion-
containing aqueous solution may serve as an aqueous electrolyte solution. The second reaction solution 128 may include
water or a lithium ion-containing aqueous solution.
[0062] The recovery system may include a connection portion 130 that connects the first reaction vessel 110 and the
second reaction vessel 120 to each other.
[0063] An ion exchange membrane 135 may be disposed within the connection portion 130. In some embodiments,
the ion exchange membrane 135 may include an ion exchange resin capable of selectively moving cations.
[0064] The ion exchange membrane 135 may include, e.g., an ion exchange resin such as Nafion, Diaion, Trilite, etc.,
and may preferably include Nafion.
[0065] The recovery system may include a power source 140. The first electrode 112 and the second electrode 122
may be electrically connected to each other through the power source 140 and an external conductor.
[0066] A voltage or a current may be directly applied between the first electrode 112 and the second electrode 122
by the power source 140. For example, the voltage to the first electrode and the second electrode to effect the current
flow through the first electrode and the second electrode. Accordingly, an electrochemical reaction may be promoted in
the recovery system, and a redox reaction may be induced.
[0067] The applied voltage may be set in consideration of a standard reduction potential value in the oxidation and
reduction reactions. The standard reduction potential refers to a potential measured in a battery constructed by combining
a standard hydrogen electrode and a half cell where the reduction occurs.
[0068] The recovery system may be operated in a similar manner to that of an electrolytic cell. Reactions that may
occur in the recovery system may be represented by Reaction Schemes 1 to 3 below.

 [Reaction Scheme 1] Li+(aq) + e- + FePO4 (s) ↔ LiFePO4(s), E°(V) = 0.46

 [Reaction Scheme 2-1] Li+ (aq) + H2O (1) ↔ LiOH (aq) + H+ (aq)

 [Reaction Scheme 2-2] 2LiOH (aq) + CO2 (g) ↔ Li2CO3 (aq) + H2O (1)

 [Reaction Scheme 3] O2 (aq) + 4H+ (aq) + 4e- ↔ 2H2O (1), E°(V) = 1.23, E(V) = 1.23 -
0.0593pH

[0069] For example, an oxidation reaction may occur at the first electrode 112, and a reduction reaction may occur at
the second electrode 122. The oxidation reaction may be defined as a reaction that loses an electron, and the reduction
reaction may be defined as a reaction that gains an electron.
[0070] A reverse reaction (the oxidation reaction) of Reaction Scheme 1 may occur at the first electrode 112, and a
forward reaction (the reduction reaction) of Reaction Scheme 3 may occur at the second electrode 122. The applied
voltage or current may be set to reflect a difference between standard reduction potential values of Reaction Scheme
1 and Reaction Scheme 3, and may be set to reflect a pH of the solution.
[0071] The E° value in Reaction Scheme 1 and Reaction Scheme 3 may refer to the standard reduction potential in
the forward reaction of each Reaction Scheme. The E value in Reaction Scheme 3 may refer to the reduction potential
according to the pH of the second reaction solution 128.
[0072] For example, the second reaction solution 128 may include a lithium ion-containing aqueous solution and may
have a pH of 10. In this case, the E value in Reaction Scheme 3 may be 0.64 (=1.23-0.0593 10), and a voltage of 0.3V
to 1.0V, or 0.4V to 0.8V may be applied to the recovery system through the power source 140.
[0073] An electrochemical reaction may be induced in the above voltage range. For example, if the applied voltage is
less than 0.3V, the electrochemical reaction may not be induced because the voltage for the redox reaction may not be
sufficient. If the applied voltage exceeds 1.0V, an excess amount of electrical energy may be used and consumed without
promoting the redox reaction, which may degrade energy efficiency and reduce productivity.
[0074] In some embodiments, the lithium ions (Li+) separated from the active material 116 may be transferred to the
second reaction vessel 120 to be collected as a lithium precursor, e.g., lithium hydroxide (LiOH) or lithium carbonate
(Li2CO).
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[0075] As expressed in the reverse reaction of Reaction Scheme 1, the oxidation reaction may occur in the first
electrode 112 to separate the lithium ions (Li+) and electrons (e-).
[0076] The generated lithium ions (Li+) may be dissolved in the first reaction solution 11, and may exist in a state of
an aqueous solution. As described above, the first reaction solution 118 may include the lithium ion-containing aqueous
solution. The lithium ion-containing aqueous solution may function as an aqueous electrolyte solution. The dissolved
lithium ions may be transferred in the first reaction solution 118, and may also be transferred the connection portion 130.
[0077] The lithium ions may also pass through the ion exchange membrane 135. Cations may be selectively pass
through the ion exchange membrane 135, and thus only the lithium ions (Li+) may be transferred while limiting movement
of solvent (e.g., water (H2O)).
[0078] For example, when the voltage or the current is applied through the power source 140, the oxidation reaction
may occur at the first electrode 112, so that the lithium ions (Li+) may be dissolved in the first reaction solution 118, and
the separated electrons (e-) may move toward the second reaction vessel 120 through the external conductor connected
to the power source 140. To maintain an electrical neutrality of the recovery system, the lithium ions (Li+) may move
from the first reaction vessel 110 to the second reaction vessel 120 through the connection portion 130 and the ion
exchange membrane 135.
[0079] As described above, the second reaction solution 128 may include water or the lithium ion-containing aqueous
solution. The recovery system may be operated in an air. In the second reaction solution 128, gaseous carbon dioxide
(CO2) present in the air may be dissolved, and carbon dioxide (CO2) may be present in a state of an aqueous solution.
[0080] The lithium ions transferred to the second reaction vessel 120 may react with the second reaction solution 128.
In the second reaction vessel 120, the forward reaction of Scheme 2-1 and/or the forward reaction of Scheme 2-2 may
occur. Within the second reaction vessel 120, the lithium ions may be converted into a lithium precursor by the forward
reactions, and the lithium precursor may be collected within the second reaction vessel 120.
[0081] The electrons (e-) separated by the oxidation reaction at the first electrode 112 may move from the first electrode
112 to the second electrode 122 by an influence of the voltage or the current applied from the power source 140. The
electrons (e-) and hydrogen ions (H+) generated and dissolved by the forward reaction of Reaction Scheme 2-1 may
cause the forward reaction (reduction reaction) of Reaction Scheme 3.
[0082] The lithium precursor may be recovered by the forward reaction of Reaction Scheme 2-1 and/or Reaction
Scheme 2-2.
[0083] The recovery method performed by applying the recovery system may further include drying the second reaction
solution 128. In this case, a lithium precursor powder may be recovered.
[0084] The lithium ions (Li+) and electrons (e-) may be separated by the reverse reaction of Reaction Scheme 1, iron
phosphate (FePO4) derived from the active material 116 may remain in the active material storing portion 114. For
example, iron phosphate (FePO4) may remain in a solid state. Therefore, the above-described recovery system may
also efficiently recover iron phosphate (FePO4).
[0085] An additional additive such as a precipitating agent, an oxidizing agent and a reducing agent may not be used
in the above-described recovery system. Additionally, the recovery system may be operated using only an electrical
energy and may not cause environmental pollution.
[0086] FIG. 2 is a schematic cross-sectional view illustrating a system of recovering a lithium precursor in accordance
with example embodiments. FIG. 3 is a schematic cross-sectional view illustrating the first electrode 112 included in a
system of recovering a lithium precursor in accordance with example embodiments.
[0087] Detailed descriptions on elements and operations substantially the same as or similar to those described with
reference to FIG. 1 are omitted herein. For example, detailed descriptions of the active material, the second electrode
122 and the mechanism of the redox reaction occurring in the recovery system are omitted.
[0088] Referring to FIGS. 2 and 3, the first electrode 112 may have a shape of a single electrode bar 115. For example,
the active material storing portion 114 described with reference to FIG. 1 may be omitted from the first electrode 112.
[0089] For example, an oxidation reaction may occur in the first electrode 112, and the electrode bar 115 is formed
of a metal material (e.g., aluminum (Al)) or a carbon-based material capable of inducing or promoting the oxidation
reaction.
[0090] In some embodiments, an active material 117 may be coated on a surface of the first electrode 112. In an
embodiment, the active material 117 may be directly coated on the electrode bar 115 in the first electrode 112. The
’direct coating’ may refer to a case that any further material is not formed between the active material 117 and the surface
of the first electrode 112.
[0091] Electrons (e-) separated from the active material 117 may be transferred via the first electrode 112. The active
material 117 may be directly coated on the surface of the first electrode 112, so that the electrons (e-) may be generated
intensively through the first electrode 112.
[0092] The active material 117 may at least partially cover the surface of the first electrode 112. For example, the
active material 117 may be continuously and uniformly distributed on the surface of the first electrode 112 and may exist
in the form of a film covering at least a portion of the surface. In this case, a contact area between the active material
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117 and the first electrode 112 may be increased so that transfer of the electrons (e-) separated from the active material
117 may be facilitated through the external conductor, and the redox reaction may be further promoted. Thus, the
recovery rate of the lithium precursor may be improved.
[0093] In some embodiments, the active material 117 may be discontinuously distributed on the surface of the first
electrode 112. For example, the active material 117 may exist in the form of an island in a local area of the outer surface
of the first electrode 112.
[0094] The active material may be formed using a coating method well known in the related art. For example, the
active material 117 may be applied to the surface of the first electrode 112 as a thin film shape in a slurry state.
[0095] Hereinafter, preferred embodiments are proposed to more concretely describe the present invention.

Examples and Comparative Examples

Example 1

[0096] A first reactor immersing a first electrode which was a carbon electrode having a pouch-shaped space formed
therein was installed. A carbon felt electrode as a second electrode was impregnated into the second reactor.
[0097] A power source was connected to both impregnated electrodes, and the first reactor and the second reactor
were connected, and an ion exchange membrane containing Nafion was disposed between the reactors.
[0098] 0.5 g of lithium iron phosphate (LiFePO4) was provided as a waste cathode active material, and introduced
into an active material storing portion in the first reactor. The first reactor was filled with a 0.1M lithium hydroxide (LiOH)
solution impregnating the first electrode, and the second reactor was filled with distilled water impregnating the second
electrode.
[0099] Thereafter, a current of 10 mA was applied to the power source connected to the first electrode and the second
electrode, and a electrochemical reaction proceeded for 4 hours.

Example 2

[0100] An electrochemical reaction proceeded by the same method as that in Example 1, except that a current of 20
mA was applied.

Comparative Example

[0101] 10 g of a phosphorus-based cathode active material powder containing LiFePO4 with a lithium content of 4.4
wt%, 1000 ml of 0.2 mol/L phosphoric acid aqueous solution, and 0.1 g of an iron powder with an average particle size
of 30 mm were placed in a reactor and stirred at room temperature for 4 hours to be dissolved therein.
[0102] After the dissolution, unreacted residues and solid components such the iron powder were separated by filtration,
and caustic soda was added to the filtrate to adjust a pH to 9. Residual iron component remaining in the solution was
precipitated in the form of hydroxide, and only a lithium component remained in the solution. The precipitate was separated
through a filtration, and the solution and ethanol were mixed at a volume ratio of 1:4. The mixture of the solution and
ethanol was stirred at room temperature for 30 minutes. A lithium phosphate precipitate (Li3PO4) was generated, and
the product was separated through a filtration. Thereafter, the product as washed with ethanol and dried to prepare high
purity lithium phosphate as a final product.

Experiment Example

(1) Evaluation on Li concentration in lithium iron phosphate (LiFePO4)

[0103] In each Example, a weight percent of lithium ions in lithium iron phosphate (LiFePO4) present in the first electrode
before and after the experiment was measured by an ICP-OES.
[0104] In Comparative Example, a weight percent of lithium ions in lithium iron phosphate (LiFePO4) before and after
the experiment was measured by ICP-OES.
[0105] The analyzed results are listed in Table 1 below.

(2) Evaluation on lithium recovery ratio

[0106] A lithium recovery ratio is defined by Equation 1 below based on a Li concentration in lithium iron phosphate
(LiFePO4). 
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[0107] The analyzed results are listed in Table 1 below.

[0108] Referring to in Table 1, the Li concentration in lithium iron phosphate (LiFePO4) in Examples was explicitly
decreased compared to that in Comparative Example.
[0109] Based on the above results, it can be confirmed that the lithium precursor was produced with high purity using
an electrochemical method.
[0110] Additionally, in the lithium precursor recovery, the lithium precursor was recovered without an additional additive
such as an oxidizing agent, a reducing agent or a precipitating agent and without an additional separation process.
[0111] Accordingly, according to embodiments of the present invention, an eco-friendly lithium precursor recovery
was implemented using only an electrical energy. Further, iron phosphate (FePO4) was also recovered from the active
material.

Claims

1. A method of recovering a lithium precursor from a cathode active material of a lithium secondary battery, comprising:

providing a first electrode to include the active material, and a second electrode;
immersing the first electrode and the second electrode in a first reaction solution in a first reaction vessel and
a second reaction solution in a second reaction vessel, respectively; and
applying a voltage or a current to the first electrode and the second electrode to recover a lithium precursor
from the active material.

2. The method of claim 1, wherein the providing the first electrode includes preparing the first electrode to contain the
active material in an active material storing portion thereof or the active material on a surface thereof.

3. The method of claim 1, wherein the first electrode comprises an active material storing portion at one end thereof
in which the active material is accommodated.

4. The method of any one of claims 2 or 3, wherein the active material storing portion has a pouch shape or a basket
shape.

5. The method of any one of claims 2 to 4, wherein the active material storing portion is formed of a carbon felt.

[Table 1]

Li concentration in lithium iron phosphate 
(LiFePO4) before reaction (wt%)

Li concentration in lithium iron 
phosphate (LiFePO4) after 

reaction (wt%)

lithium 
recovery ratio 

(%)

Example 1 4.5 0.7 83.3

Example 2 4.5 0.1 97.8

Comparative 
Example 4.4 1.33 69.8
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6. The method of any one of claims 2 to 5, wherein the first electrode comprises an electrode bar connected to the
active material storing portion.

7. The method of any one of claims 1 to 6, wherein the first electrode comprises an electrode bar, and the active
material is directly coated on a surface of the electrode bar.

8. The method of any one of claims 1 to 7, wherein the first reaction vessel serves as an oxidation unit, and the second
reaction vessel serves as a reduction unit.

9. The method of claim 8, wherein the first reaction solution comprises a lithium ion-containing aqueous solution, and
the second reaction solution includes water or a lithium ion-containing aqueous solution.

10. The method of any one of claims 8 or 9, wherein the first reaction vessel and the second reaction vessel are connected
to each other by a connection portion including an ion exchange membrane therein.

11. The method of claim 10, wherein the ion exchange membrane includes at least one of Nafion, Diaion and Trilite.

12. The method of claim 1 to 11, wherein the active material comprises lithium iron phosphate,
wherein lithium ions separated from the active material move to the second reaction vessel to be collected as lithium
hydroxide.

13. A system for recovering a lithium precursor from a cathode active material of a lithium secondary battery, the system
comprising:

a first reaction vessel comprising a first reaction solution and configured to receive a first electrode containing
an active material therein or coated with an active material on a surface thereof for immersion into the first
reaction solution;
a second reaction vessel comprising a second reaction solution and configured to receive a second electrode
for immersion into the second reaction solution;
a connecting portion connecting the first reaction vessel and the second reaction vessel and including an ion
exchange membrane therein; and
a power source configured to apply a voltage to the first electrode and the second electrode.

14. The system of claim 14, wherein the active material comprises lithium iron phosphate.

15. The system of any one of claim 14 or 15, wherein, when applying a voltage to the first electrode and the second
electrode to recover a lithium precursor from the active material, the first electrode acts as an anode and the second
electrode acts as a cathode.
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